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(54) METHOD FOR OPERATING A SUPERJUNCTION TRANSISTOR DEVICE

(57) A method for operating a superjunction transis-
tor device and a transistor arrangement are disclosed.
The method includes operating the superjunction tran-
sistor device in a diode state, wherein operating the su-
perjunction transistor device in the diode state includes
applying a bias voltage (VDEP) different from zero be-
tween a drift region (11) of at least one transistor cell (10)

of the transistor device and a compensation region (21)
of a doping type complementary to a doping type of the
drift region (11). The compensation region (21) adjoins
the drift region (11), and a polarity of the bias voltage
(VDEP) is such that a pn-junction between the drift region
(11) and the compensation region (21) is reverse biased.
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Description

[0001] This disclosure relates in general to a method
for operating a transistor device, in particular for operat-
ing a superjunction transistor device as an active rectifier.
[0002] Various kinds of electronic circuits include a rec-
tifier element. In switched-mode power converters (buck
converters, boost converters, flyback converters, reso-
nant converters, etc.) or drive circuits for driving an in-
ductive load (motor, magnetic valve, etc.) a rectifier ele-
ment may be used to allow an inductor to commutate. In
many applications, a MOSFET is used as an active rec-
tifier element, which may also be referred to as synchro-
nous rectifier element. Operating a MOSFET as a syn-
chronous rectifier may include switching on the MOSFET
when a voltage across the MOSFET has a first polarity
so that the MOSFET operates in a forward conducting
state, switching off the MOSFET before the polarity of
the voltage changes to a second polarity opposite the
first polarity, and operating the MOSFET in a diode state
when the voltage across the MOSFET has the second
polarity. The MOSFET operates in the diode state when
an internal body diode is forward biased and the MOS-
FET is switched off.
[0003] When the MOSFET operates in the diode state,
there is a charge carrier plasma including both n-type
charge carriers (electrons) and p-type charge carriers
(holes) in a drift region of the MOSFET. When the polarity
of the voltage across the MOSFET changes such that
the body diode is reverse biased these charge carriers
have to be removed before the MOSFET blocks. Remov-
ing these injected charge carriers is associated with loss-
es (which are sometimes referred to Qinj-losses). Fur-
ther, when the charge carriers forming the plasma have
been removed, so that the MOSFET blocks, and as the
voltage across the blocking MOSFET increases a deple-
tion region (space charge regions) is formed in the drift
region. Forming this depletion region is associated with
the ionization of dopant atoms in the drift region and the
body region and, therefore, a storing of charge carriers
in the drift and body region. In a superjunction device,
the depletion region also expands in a compensation re-
gion that adjoins the drift region and has a doping type
complementary to a doping type of the drift region. Charg-
ing the drift and body region and the compensation region
of a superjunction device is associated with losses (which
are sometimes referred to as Qoss-losses) wherein the
higher the amount of charge carriers that are stored in
the device and/or the higher the voltage level of the volt-
age that reverse biases the body diode the higher these
losses. The overall losses that are associated with com-
mutating the MOSFET from the diode state to the block-
ing state are sometimes referred to as reverse recovery
losses (Qrr-losses).
[0004] In a superjunction MOSFET, losses associated
with commutating the device from the diode state to the
blocking state are particularly high so that a superjunction
MOSFET is not considered suitable as a rectifier. There

is a need for reducing reverse recovery losses in a su-
perjunction transistor device such as a superjunction
MOSFET.
[0005] One example relates to a method. The method
includes operating a superjunction transistor device in a
diode state, wherein operating the superjunction transis-
tor device in the diode state includes applying a bias volt-
age different from zero between a drift region of at least
one transistor cell of the transistor device and a compen-
sation region of a doping type complementary to a doping
type of the drift region, wherein the compensation region
adjoins the drift region, and wherein a polarity of the bias
voltage is such that a pn-junction between the drift region
and the compensation region is reverse biased.
[0006] Another example relates to a transistor arrange-
ment. The transistor arrangement includes a transistor
device having a bias region coupled to a bias node and
at least one transistor cell including a source region, a
body region, and drift region, and a first electronic switch
connected between the bias region and the bias node
(Q), wherein the transistor device and the first electronic
switch are integrated in a common semiconductor body.
[0007] Examples are explained below with reference
to the drawings. The drawings serve to illustrate certain
principles, so that only aspects necessary for under-
standing these principles are illustrated. The drawings
are not to scale. In the drawings the same reference char-
acters denote like features.

Figure 1 shows a transistor arrangement with a su-
perjunction transistor device according to one exam-
ple;

Figure 2 shows a horizontal cross sectional view of
one example of a superjunction transistor device of
the type shown in Figure 1;

Figure 3 shows a modification of the superjunction
transistor device illustrated in Figure 1;

Figures 4A and 4B show equivalent circuit diagrams
of a superjunction transistor device of the type illus-
trated in Figures 1 and 3;

Figure 5 illustrates one example of an electronic cir-
cuit in which the transistor device is used as a rectifier
element;

Figure 6 shows signal waveforms that illustrate one
example of a method for operating the superjunction
transistor device in the electronic circuit shown in
Figure 5;

Figures 7A and 7B shows signal waveforms that il-
lustrate another example of a method for operating
the superjunction transistor device in the electronic
circuit shown in Figure 5;
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Figure 8A illustrates one example of a superjunction
transistor device and a first electronic switch that are
integrated in the same semiconductor body;

Figure 8B shows a circuit diagram of the transistor
arrangement shown in Figure 8A;

Figure 8C illustrates a modification of the transistor
device shown in Figure 8A;

Figure 9 shows signal waveforms that illustrate one
example of a method of operating the transistor ar-
rangement illustrated in Figure 8 as a rectifier ele-
ment in an electronic circuit of the type shown in Fig-
ure 5;

Figure 10A shows a modification of the transistor
arrangement shown in Figure 8;

Figure 10B shows a modification of the transistor
device shown in Figure 10A;

Figure 11 shows another modification of the transis-
tor arrangement shown in Figure 8;

Figure 12 illustrates a transistor arrangement with a
superjunction transistor device, a first electronic
switch and a second electronic switch;

Figures 13A and 13B illustrate equivalent circuit di-
agrams of a transistor arrangement of the type
shown in Figure 12;

Figure 14 illustrates one example of a transistor ar-
rangement with a superjunction transistor device, a
first electronic switch and a second electronic switch
integrated in one semiconductor body;

Figure 15 shows a modification of the transistor ar-
rangement shown in Figure 14;

Figure 16 shows a vertical cross sectional view of a
semiconductor body in which a superjunction tran-
sistor device, a first electronic switch and a second
electronic switch are integrated;

Figure 17 shows a horizontal cross sectional view of
the transistor arrangement shown in Figure 16;

Figure 18 shows a modification of the transistor ar-
rangement shown in Figure 17;

Figure 19 shows a vertical cross sectional view of
another example of the semiconductor body in which
a superjunction transistor device, a first electronic
switch and a second electronic switch are integrated;
and

Figure 20 shows a transistor arrangement according
to another example.

[0008] In the following detailed description, reference
is made to the accompanying drawings. The drawings
form a part of the description and for the purpose of il-
lustration show examples of how the invention may be
used and implemented. It is to be understood that the
features of the various embodiments described herein
may be combined with each other, unless specifically
noted otherwise.
[0009] Figure 1 schematically illustrates a transistor ar-
rangement 1 with a transistor device. More specifically,
Figure 1 shows a vertical cross sectional view of one
example of the transistor device and circuit symbols of
further devices of the transistor arrangement. The tran-
sistor device includes a semiconductor body 100 with a
first surface 101 and a second surface 102 opposite the
first surface 101. The second surface 102 is spaced apart
from the first surface 101 in a vertical direction z of the
semiconductor body 100. The "vertical direction z" is a
direction perpendicular to the first and second surface
101, 102. According to one example, the semiconductor
body 100 includes a monocrystalline semiconductor ma-
terial. Examples of the monocrystalline semiconductor
material include, but are not restricted to, silicon (Si), sil-
icon carbide (SiC), gallium arsenide (GaAs), gallium ni-
tride (GaN), or the like.
[0010] Referring to Figure 1, the transistor device in-
cludes a plurality of transistor cells 10 (wherein the outline
of these transistor cells is illustrated by a dashed and
dotted line in Figure 1). Each of these transistor cells 10
includes a drift region 11 of a first doping type (first con-
ductivity type), a source region 12 of the first doping type
and a body region 22 of a second doping type (second
conductivity type) complementary to the first doping type.
The body region 22 separates the source region 12 from
the drift region 11. Further, the body region 22 adjoins
the drift region 11 so that a pn-junction is formed between
the body region 22 and the drift region 11. Further, a gate
electrode 31 is arranged adjacent the body region 22 and
is dielectrically insulated from the body region 22 by a
gate dielectric 32. The gate electrode 32 serves to control
a conducting channel in the body region 22 along the
gate dielectric 32 between the source region 12 and the
drift region 11. Each transistor cell 10 further includes a
drain region 13 of the first doping type. The drain region
13 is spaced apart from the body region 22 in a current
flow direction of the transistor device and is separated
from the body region 22 by the drift region 11. In the
transistor device shown in Figure 1, the current flow di-
rection equals is the vertical direction of the semiconduc-
tor body 100. According to one example (illustrated in
dashed lines in Figure 1), a buffer region 14 of the first
doping type is arranged between the drain region 13 and
the drift region 11. The buffer region 14 has a lower dop-
ing concentration than the drift region 11, for example.
[0011] Referring to Figure 1, the transistor device may
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be implemented as a superjunction transistor device. In
this case, each transistor cell 10 further includes a com-
pensation region 21 of the second doping type that ad-
joins the drift region 11 and is separated from the body
region 22. In the example illustrated in Figure 1, the com-
pensation region 21 of each transistor cell is separated
from the respective body region 22 (and the respective
source region 12) by an insulation region 41 that is elec-
trically insulating. Referring to Figure 1, the insulation
region 41 may also separate the compensation region
21 from a section of the drift region 11 that adjoins the
body region 22. According to one example, the insulation
region 41 includes an oxide, a nitride, or the like. In the
example illustrated in Figure 1, the source and body re-
gions 22, 12 of the transistor cells 10 are arranged close
to the first surface 101 of the semiconductor body 100.
In this example, the insulation region 41 is located in a
trench that extends from the first surface 101 into the
semiconductor body 100. In the vertical direction, the in-
sulation region 41 extends beyond a pn-junction between
the body region 22 and the drift region 11 in order to
completely separate the body regions 22 from the re-
spective compensation regions 21.
[0012] According to one example, the semiconductor
body 100 includes monocrystalline silicon and the indi-
vidual active device regions are implemented such that
a respective doping concentration is in a range as out-
lined in the following: drift region 11: between 1E15 cm-3

and 1E17 cm-3; compensation region 21: between 1E15
cm-3 and 1E17 cm-3; body region 22: between 1E17 cm-3

and 1E18 cm-3; source region 12: between 1E18 cm-3

and 1E21 cm-3; drain region 13: between 1E18 cm-3 and
1E21 cm-3; optional buffer region 14: between 5E14 cm-3

and 5E16 cm-3.
[0013] Referring to Figure 1, the gate electrodes 31 of
two neighboring transistor cells 10 can be formed by one
electrode, the drift region 11 of two neighboring transistor
cells 10 can be formed by one contiguous semiconductor
region, the compensation region 21 of two neighboring
transistor cells can be formed by one contiguous semi-
conductor region, and the drain region 13 (as well as the
buffer region 14) of each of the transistor cells 10 can be
formed by one contiguous semiconductor region. The
transistor cells 10 are connected in parallel in that the
gate electrodes 31 of the transistor cells 10 are connected
to a gate node G, the source regions 12 and the body
regions 22 of the transistor cells 10 are connected to a
source node S, and the one or more drain regions 13 are
connected to a drain node D. The gate node G, the source
node S and the drain node D are only schematically il-
lustrated in Figure 1. Further, connections between the
gate node G and the gate electrodes 31 and between
the source node S and the drain node D and the respec-
tive active device regions (source regions 12, body re-
gions 22, and drain regions 13) are only schematically
illustrated in Figure 1. These connections may include
metallizations (not shown) on top of the first and second
surfaces 101, 102.

[0014] Referring to the above, the body regions 22 of
the transistor cells 10 are connected to the source node
S. According to one example, the body region 22 includes
a contact region 23 of the second doping type, wherein
the contact region 23 is more highly doped than remain-
ing sections of the body region 22. In particular, the con-
tact region 23 is more highly doped than those sections
of the body region 22 adjoining the gate dielectric 32.
The contact region 23 may serve to provide an ohmic
contact between the source node S and the respective
body region 22, more specifically, between the body re-
gion 22 and a source metallization (not illustrated).
[0015] Referring to Figure 1, the transistor device fur-
ther includes a circuit node Q, which is referred to as bias
node in the following. The bias node Q, which is different
from the source node, serves to apply a voltage VDEP
between the compensation region 21 and the drift region
11 such that a pn-junction between the compensation
region 21 and the drift region 11 is reverse biased when
the transistor device is in a diode state (which is explained
in detail herein further below).
[0016] In the example illustrated in Figure 1, the com-
pensation regions 21 are coupled to the bias node Q.
According to one example, each of the compensation
regions 21 includes a contact region 24 (illustrated in
dashed lines in Figure 1) of the second doping type,
wherein the contact region 24 is connected to the bias
node Q. The contact regions 24 provide for an ohmic
contact between the compensation regions 21 and the
bias node Q.
[0017] Applying the bias voltage VDEP between the
compensation region 21 and the drift region 11 may in-
clude applying the bias voltage VDEP between the com-
pensation region 21 and the body region 22, wherein a
polarity of the bias voltage VDEP is such that the pn-junc-
tion between the body region 22 and the drift region 11
is forward biased and the pn-junction between the drift
region 11 and the compensation region 21 is reverse
biased. Referring to Figure 1, the bias voltage VDEP may
be applied between the compensation region 21 and the
body region 22 by applying the bias voltage VDEP be-
tween the bias node Q coupled to the compensation re-
gion 21 and the source node S coupled to the body region
22 (and the source region 12). More specifically, the bias
voltage VDEP may be applied between the bias node Q
and the source node S by coupling a voltage source 6
that is configured to provide the bias voltage VDEP be-
tween the bias node Q and the source node S.
[0018] Optionally, the bias voltage VDEP is selectively
applied between the drift region 11 and the compensation
region 21. This may be achieved by connecting a first
switch 5 in series with the voltage source 6. The first
switch 5 is connected between the voltage source 6 and
the bias node Q in the example shown in Figure 1. This,
however, is only an example. The switch 5 may be im-
plemented at any position between the voltage source 6
and the body region 22 or between the voltage source 6
and the compensation region 21. Some examples for im-
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plementing the first switch are explained herein further
below.
[0019] According to one example, the transistor cells
10 are elongated in a lateral direction that is perpendic-
ular to the section plane illustrated in Figure 1. This is
illustrated in Figure 2 that shows a horizontal cross sec-
tional view of the semiconductor body 100 in a section
plane A-A shown in Figure 1. In the following, a lateral
direction x illustrated in Figure 1 in which the body region
22 is separated from the compensation region 21 by the
insulation region 41 or in which the body region 22 is
adjacent the gate dielectric 32 is referred to as first lateral
direction x in the following. A lateral direction perpendic-
ular to the first lateral direction x is referred to as second
lateral direction y. Referring to Figure 2, the transistor
cells 10 are elongated in the second lateral direction y.
"Elongated" means, for example, that a dimension of the
drift regions 11 or compensation regions 21 in the second
lateral direction y is at least one 100 (=1E2) times, or at
least one 1000 (=1E3) times, the dimension in the first
lateral direction x.
[0020] The superjunction transistor device is a transis-
tor device of the first conductivity type because the source
region 12, the drift region 11 and the drain region 12 is
of the first conductivity type (doping type). The first con-
ductivity type can be an n-type or a p-type. Thus, the
superjunction transistor device can be implemented as
an n-type transistor device or as a p-type transistor de-
vice. In an n-type transistor device, the semiconductor
regions of the first doping type are n-type semiconductor
regions and the semiconductor regions of the second
doping type are p-type semiconductor regions. In a p-
type transistor device, the semiconductor regions of the
first doping type are p-type semiconductor regions and
the semiconductor regions of the second doping type are
n-type semiconductor regions. Further, the transistor de-
vice can be implemented as an enhancement (normally-
off) device or as a depletion (normally-on) device. In an
enhancement device, the body regions 22 adjoin the gate
dielectric 32. In a depletion device, there is a channel
region 15 of the first doping type that extends from the
source region 12 to the drift region 11 along the gate
dielectric 32 and is arranged between the gate dielectric
32 and the body region 22.
[0021] The superjunction transistor device shown in
Figure 1 can be operated in four different operating
states:

(a) In a first operating state, the gate electrode 32 in
each transistor cell 10 is controlled such that there
is a conducting channel in the body region 22 along
the gate dielectric 32 between the source region 12
and the drift region 11. In an n-type enhancement
transistor device, for example, a conducting channel
is generated along the gate dielectric 32 by applying
a voltage VGS (which is referred to as gate-source
voltage in the following) between the gate node G
and the source node S such that a voltage level of

the gate-source voltage is higher than a threshold
voltage of the transistor device. The threshold volt-
age is dependent on the conductivity type of the tran-
sistor device and on whether the transistor device is
an enhancement device or a depletion device. This
is commonly known, so that no further explanation
is required in this regard. Further, in the first operat-
ing state, a voltage applied between the drain D and
the source node S is such that a pn-junction between
the drift region 11 and the body region 22 of each
transistor cell 10 is reverse biased. In an n-type tran-
sistor device, this pn-junction between the drift re-
gion 11 and the body region 22 is reverse biased
when the voltage between the drain node D and the
source node S (which is referred to as drain-source
voltage in the following) is a positive voltage. An op-
erating state of a transistor device, such as the su-
perjunction transistor device shown in Figure 1, in
which the pn-junction between the drift region and
the body region is reverse biased is usually referred
to as forward biased operating state of the transistor
device. Thus, the first operating state (in which the
transistor device is conducting) is referred to as for-
ward conducting state in the following. In this oper-
ating state, a current can flow between the drain node
D and the source node S via the drain region 13, the
optional buffer region 14, the drift region 11, the
channel in the body region 22 along the gate dielec-
tric 32, and the source region 12. In the forward con-
ducting state, the current is a unipolar current. In an
n-type transistor device, this current includes elec-
trons as charge carriers.

(b) In a second operating state, the gate-source volt-
age VGS is such that there is a conducting channel
in the body region 22 along the gate dielectric 32.
This is equivalent to the first operating state. In the
second operating state, however, the drain-source
voltage VDS has a polarity opposite the polarity in
the first operating state. This second operating state
is also referred to as reverse conducting state in the
following. In this operating state, the transistor device
is basically in a unipolar conducting state. That is, a
current can flow between the drain node D and the
source node S via the source region 12, the conduct-
ing channel in the body region 22, the drift region 11,
the optional buffer region 14 and the drain region 13.
However, situations may occur in which a voltage
across the pn-junction between the body region 22
and the drift region 11 becomes higher than a forward
voltage of this pn-junction, so that. in the reverse
conducting state, parallel to the conducting channel
in the body region 22, a bipolar diode formed by the
body region 22, the drift region 11 and the drain re-
gion 13 becomes active and a bipolar current sets
in. This bipolar diode is represented by the circuit
symbol labeled with D1 in Figure 1.
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(c) In a third operating state, the gate-source voltage
VGS is such that there is no conducting channel in
the body region 22 along the gate dielectric 32. Fur-
ther, in the third operating state, the transistor device
is reverse biased, that is, the polarity of the drain-
source voltage VDS is such that the pn-junction be-
tween the body region 22 and the drift region 11 is
forward biased. This operating state is also referred
to as diode state in the following.

(d) In the fourth operating state, the gate-source volt-
age VGS is such that there is no conducting channel
in the body region 22 along the gate dielectric 32.
Further, in the fourth operating state, the transistor
device is forward biased, that is, a polarity of the
drain-source voltage VDS is such that the pn-junction
between the body region 22 and the drift region 11
is reverse biased. This operating state is also re-
ferred to as blocking state in the following.

[0022] In the third operating state (diode state) charge
carriers of the first conductivity type are injected by the
drain region 13 into the drift region 11 and charge carriers
of the second conductivity type are injected by the body
region 22 into the drift region 11 so that there is a charge
carrier plasma including charge carriers of the first and
second conductivity type in the drift region 11. In an n-
type transistor device, the charge carriers injected by the
drain region 13 are electrons and the charge carriers in-
jected by the body region 22 are holes. When the tran-
sistor device changes from the diode state into the (for-
ward biased) blocking state (the fourth operating state),
the charge carriers forming the charge carrier plasma
have to be removed from the drift region 11 before the
transistor device blocks, that is, before a current through
the transistor device turns to zero. Further, in the blocking
state, charge carriers are stored in junction capacitance
formed by the pn-junction between the body region 22
and the drift region 11 and a pn-junction formed between
the drift region 11 and the compensation region 12.
Switching the superjunction transistor device from the
diode state to the blocking state is associated with losses,
which are usually referred to as reverse recovery losses.
Basically, the larger the amount of charge carriers that
are included in the drift region 11 in the diode state and
the higher the voltage that is associated with charging
the junction capacitance in the blocking state, the higher
the reverse recovery losses.
[0023] In order to reduce reverse recovery losses, op-
erating the superjunction transistor device in the diode
state, according to one example, includes applying a bias
voltage VDEP that is different from zero between the
source node S and the compensation region 21 of at least
one of the plurality of transistor cells 10 of the superjunc-
tion transistor device. As outlined in further detail herein
below, a polarity of the bias voltage VDEP may be such
that a pn-junction between the compensation region 21
and the drift region 11 is reverse biased. According to

one example, applying the bias voltage VDEP between
the source node S and the compensation region 21 in-
cludes applying the bias voltage VDEP between the
source node S and the bias node Q that is connected to
the compensation region 21.
[0024] According to one example, a magnitude of the
bias voltage VDEP is less than 20%, less than 10%, or
even less than 5% of a voltage blocking capability of the
superjunction transistor device. The "voltage blocking ca-
pability" is the maximum voltage the superjunction tran-
sistor device can withstand in the blocking state between
the drain node D and the source node S without being
damaged. According to one example, the voltage block-
ing capability is between 600V and 1200V and the mag-
nitude of the bias voltage is between 10 volts (V) and 30
volts, in particular between 15 volts and 25 volts, for ex-
ample.
[0025] Referring to the above, the bias node Q may be
connected to the compensation region 21 via a contact
region 24. The contact region 24 is of the second doping
type and more highly doped than the compensation re-
gion 21. Referring to the above, the bias voltage VDEP
may be provided by a bias voltage source 6 and a switch
5 may be connected in series with the bias voltage source
6. The switch 5 can be activated (switched on) or deac-
tivated (switched off) by a control signal S5. The switch
5 serves to selectively apply the bias voltage VDEP be-
tween the source node S and the bias node Q, wherein
the bias voltage VDEP is applied between the source node
S and the bias node Q and, therefore, between the drift
region 11 and the compensation region 21 when the
switch 5 is activated.
[0026] Referring to the above, the bias voltage VDEP
is applied between the source node S and the compen-
sation region 21 of at least one transistor cell when the
transistor device is in the diode state. The bias voltage
VDEP may also be applied between the source node S
and the compensation region 21 in a transient phase in
which the transistor device changes from the diode state
(third state) to the blocking state (fourth state). In the
example illustrated in Figure 1, the compensation region
21 of each transistor cell 10 is connected to the bias node
Q so that, when the switch 5 is activated, the bias voltage
VDEP is applied between the source node S and the com-
pensation region 21 of each of transistor cell 10. This,
however, is only an example.
[0027] Figure 3 shows a vertical cross sectional view
of a superjunction transistor device according to another
example. In this example, the transistor device includes
at least one compensation region 21’ that adjoins the
body region 22 and is not connected to the bias node Q,
while another compensation region 21 is connected to
the bias node Q.
[0028] According to one example, a polarity of the bias
voltage VDEP is such that a pn-junction between the com-
pensation region 21 and the drift region 11 is reverse
biased. In other words, a polarity of the bias voltage VDEP
is such that an injection of charge carriers of the second
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conduction type from the compensation region 21 into
the drift region 11 and of charge carriers of the first con-
duction type from the drift region 11 into the compensa-
tion region 21 is prevented. Thus, unlike a conventional
superjunction transistor device, a bipolar diode formed
by the compensation region 21, the optional buffer region
14 and the drain region 13 is not active (not forward bi-
ased) in the diode state, so that a concentration of the
charge carrier plasma is reduced in the superjunction
transistor device according to one of Figures 1 and 3 as
compared to a conventional superjunction transistor de-
vice. Moreover, charge carriers injected (emitted) by the
body region 22 in the drift region 11 are collected by the
compensation region 21, which further reduces the
charge carrier concentration in the drift region 11. Fur-
ther, in the blocking state, the junction capacitance
formed by the compensation region 21 and the drift region
11 is charged by the voltage source 6 providing the bias
voltage VDEP before the voltage (drain-source voltage)
between the drain node D and the source node S may
increase to voltage levels much higher than the bias volt-
age VDEP. In this way, losses associated with charging
the junction capacitance are significantly lower than in a
conventional device in which the drain-source voltage
causes a charging of this junction capacitance.
[0029] In an n-type transistor device, a polarity of the
bias voltage VDEP may be such that (when the electronic
switch 5 is in an on-state) the electrical potential of the
bias node Q is negative relative to the electrical potential
at the source node S.
[0030] Figures 4A and 4B show equivalent circuit dia-
grams of the transistor arrangement 1 with the super-
junction transistor device, the bias voltage source 6, and
the switch 5. In each of these circuit diagrams, a MOSFET
M represents a part of the superjunction transistor device
that includes the source region 12, the body region 22,
the drift region 11 and the drain region 13. Just for the
purpose of illustration, the circuit symbol of the MOSFET
M shown in Figures 4A and 4B represents an n-type en-
hancement MOSFET. This, however, is only an example.
The principles explained in the following apply to a p-type
enhancement MOSFET or to any type of depletion MOS-
FET as well. A first diode D1 connected between the
drain node D and the source node S in the circuit diagram
shown in Figure 4A is formed by the body region 22, the
drift region 11, the optional buffer region 14, and the drain
region 13. A second diode D2 connected between the
bias node Q and the drain node D is formed by the com-
pensation region 21, the drift region 11 , the optional buff-
er region 14, and the drain region 13. Based on the circuit
diagram shown in Figure 4A it becomes obvious that in
the diode state, the further diode D2 is deactivated when
superjunction transistor device is in the diode state and
a magnitude of the bias voltage VDEP is greater than a
magnitude of the drain-source voltage VDS. An n-type
superjunction transistor device, for example, is in the di-
ode state when the drain-source voltage VDS is negative.
The first diode D1 is forward biased (conducting) in this

operating state. The magnitude of the drain-source volt-
age VDS is in the range of several volts, for example.
When the magnitude of the bias voltage VDEP is greater
than the magnitude of the drain-source voltage VDS, the
second diode D2 is reverse biased and, therefore, non-
conducting.
[0031] Referring to the above, in the diode state, when
the bias voltage VDEP is applied between the source node
S and the bias node Q, the compensation region 21 col-
lects charge carriers emitted by the body region 22 into
the drift region 11. This aspect becomes obvious from
the circuit diagram shown in Figure 4B. According to this
circuit diagram, a bipolar transistor BT has a base node
B connected to the drain node D of the MOSFET M, an
emitter node E connected to the source node S of the
MOSFET M and a collector node C connected the bias
node Q. The base B of this bipolar transistor is formed
by the drift region 11, the emitter E is formed by the body
region 22 and the collector C is formed by the compen-
sation region 21 in the transistor devices shown in Fig-
ures 1 and 3. Based on the circuit diagram shown in Fig-
ure 4B, it becomes obvious that when the MOSFET M is
in the diode state, that is, when the drain-source voltage
VDS reverse biases the transistor device and the con-
ducting channel and the body region 22 is interrupted,
the body region 22 that forms the emitter E of the bipolar
transistor BT emits second type charge carriers into the
drift region 11 that forms the base whenever the electrical
potential of the drain node D (which at the same time is
the base node B of the bipolar transistor BT) has a lower
electrical potential than the body region 22. These sec-
ond type charge carriers, however, are collected by the
compensation region 21 so that mainly first type charge
carriers flow to the drain region 13. Just for the purpose
of illustration, it is assumed that the superjunction tran-
sistor device is an n-type transistor device. In this case,
the bipolar transistor BT is a p-n-p bipolar transistor. This
type of bipolar transistor is conducting when the electrical
potential at the base node B is lower than the electrical
potential at the emitter node E, which is true when the
MOSFET M is reverse biased by the drain-source voltage
VDS.
[0032] Figure 5 illustrates one example for using a tran-
sistor arrangement 1 of the type explained herein before
as a rectifier element in an electronic circuit. In Figure 5,
the transistor arrangement 1 is represented by a circuit
symbol that includes four circuit nodes, the gate node G,
the source node S, the drain node D, and the bias node
Q. This circuit symbol is a combination of the circuit sym-
bol of a MOSFET (an n-type enhancement MOSFET in
this example) and a bipolar transistor (a p-n-p-bipolar
transistor in this example). The transistor arrangement 1
is connected in series with an electronic switch SW. More
specifically, a drain-source path D-S (which is an internal
path in the transistor arrangement 1 between the drain
node D and the source node S) is connected in series
with the electronic switch SW. Any type of electronic
switch can be used as the electronic switch SW. Accord-
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ing to one example, a series circuit including the elec-
tronic switch SW and the transistor arrangement 1 is con-
nected between a first supply node and a second supply
node, wherein a supply voltage VSUP is available be-
tween these supply nodes. Further, an inductive load Z
(that is, a load that includes at least one inductor L) is
connected in parallel with the drain-source path D-S of
the transistor arrangement 1. In this type of circuit ar-
rangement, the electronic switch SW serves as an elec-
tronic switch that connects the load Z to the supply volt-
age VSUP dependent on a drive signal SSW received by
the electronic switch SW, and the transistor arrangement
1 acts as a rectifier element (or freewheeling element)
that takes over a current from the inductive load Z when
the switch SW switches off.
[0033] Figure 6 shows signal diagrams that illustrate
one example of operating the circuit arrangement shown
in Figure 1. More specifically, Figure 6 shows signal
waveforms of the drain-source voltage VDS, the gate-
source voltage VGS, a control signal SSW of the switch
SW connected in series with the transistor arrangement
1, and a control signal S5 of the switch 5 connected in
series with the bias voltage source 6. Each of the control
signals SSW, S5 can have an on-level that switches on
the respective switch SW, 5, or an off-level that switches
off the respective switch SW, 5. Just for the purpose of
illustration, the on-level is a logic high signal level and
the off-level is a logic low signal level in this example.
[0034] According to one example, the transistor ar-
rangement 1 is operated such that the gate-source volt-
age VGS is always below the threshold voltage so that
the superjunction transistor device either operates in the
diode state (the third operating state) or the blocking state
(the fourth operating state). Just for the purpose of ex-
planation it is assumed that the gate-source voltage VGS
is zero in this example.
[0035] Referring to Figure 6, the switch SW connected
in series with the transistor arrangement 1 is switched
on before a first time instance t1. Thus, a voltage across
the load Z, which equals the drain-source voltage VDS of
the transistor arrangement 1, essentially equals the sup-
ply voltage VSUP and the superjunction transistor device
of the transistor arrangement 1 is in the blocking state.
When the switch SW is in the on-state, a load current IL
flows through the inductive load Z as indicated in Figure 5.
[0036] When the switch SW switches off at the first
time instance t1, a commutation process starts, In this
commutation process, the inductive load Z forces the
load current IL to flow through the transistor arrangement
1, that is, the inductive load Z reverse biases the super-
junction transistor device included in the transistor ar-
rangement 1 and operates the superjunction transistor
device in the diode state. Referring to Figure 6, the su-
perjunction transistor device is not immediately reverse
biased at the first time instance t1, but there is a transient
phase between the first time instance t1 and a time in-
stance t11 after the first time instance. In the transient
phase, the operating state of the superjunction transistor

device changes from the blocking state (fourth operating
state) to the diode state (third operating state). During
this transient phase, the drain-source voltage VDS chang-
es its polarity. Referring to Figure 6, when the electronic
switch SW again switches on at a second time instance
t2 (which is after the first time instance t1), the superjunc-
tion transistor device in the transistor arrangement 1 be-
comes forward biased and enters the blocking state so
that the drain-source voltage VDS again increases to a
voltage level that essentially equals the supply voltage
level VSUP. More specifically, there is a transient phase
between the second time instance t2 and a time instance
t21 after the second time instance t2. In the transient
phase, the superjunction transistor device changes from
the diode state (third operating state) to the blocking state
(fourth operating state). During this transient phase, the
drain-source voltage VDS again changes its polarity.
[0037] The transistor arrangement 1 may be operated
such that the superjunction transistor device only chang-
es between the diode state and the blocking state. In this
case, the bias voltage VDEP can be applied between the
source node S and the bias node Q throughout these
operating states. That is, the switch 5 connected in series
with the voltage source VDEP can permanently be
switched on. Alternatively, the switch 5 is omitted and
the bias voltage source 6 is permanently connected be-
tween the source node S and the bias node Q.
[0038] Figure 7A illustrates a modification of the drive
scheme illustrated in Figure 6. In the example illustrated
in Figure 7, the superjunction transistor device is oper-
ated in the reverse conducting state (the second operat-
ing state) after switching off the switch SW at the first
time instance t1 and before again switching on the switch
SW at the second time instance t2. More specifically,
there is a first dead time between the first time instance
t1 and a time instance t12 when the superjunction tran-
sistor device is switched on in order to operate in the
reverse conducting state, wherein this dead time may be
longer than the transient phase between t1 and t11 ex-
plained above. Further, there is a dead time between a
time instance t22 at which the superjunction transistor
device is switched off and the second time instance t2 at
which the switch SW again switches on. During these
dead times, the superjunction transistor device operates
in the diode state including the above referenced tran-
sient phases. Referring to Figure 7, a magnitude of the
drain-source voltage VDS may be lower in the reverse
conducting state than in the diode state. Thus, operating
the superjunction transistor device in the reverse con-
ducting state may help to reduce conduction losses when
the superjunction transistor device conducts the load cur-
rent IL.
[0039] Referring to Figure 7A, the switch 5 may be
switched on throughout the blocking state, the diode state
and the reverse conducting state. This, however, is only
an example. According to another example illustrated in
Figure 7B, the switch 5 is switched off when the super-
junction transistor device is in the reverse conducting

13 14 



EP 3 706 314 A1

9

5

10

15

20

25

30

35

40

45

50

55

state. That is, in the example shown in Figure 7B, the
switch 5 is switched off between time instances t11 and
t22. This may help to reduce conduction losses.
[0040] Figure 8A shows a modification of the transistor
arrangement shown in Figure 1. In the transistor arrange-
ment 1 shown in Figure 8A, the switch 5, that is connected
between the bias voltage source 6 and the compensation
region 21 is integrated in the semiconductor body 100.
In this example, the switch 5 is implemented as a MOS-
FET, more specifically as a depletion MOSFET of the
second conductivity type. This depletion MOSFET in-
cludes a body region 53 of the second doping type that
is arranged between two gate electrodes 51 or between
two electrode sections of one gate electrode and that is
dielectrically insulated from the gate electrode 51 by a
gate dielectric 52. This body region 53 adjoins the com-
pensation region 21. At a side facing away from the com-
pensation region 21, the body region 53 of the depletion
MOSFET is connected to the bias node Q. Optionally,
the contact region 24 is connected to the bias node Q
and adjoins the body region 53. Further, in the super-
junction transistor device shown in Figure 8A, the ar-
rangement with the gate dielectric 52 and the gate elec-
trode 51 of the depletion MOSFET separates the body
region 22 of the superjunction transistor device from each
of the compensation region 21, the body region 53 of the
depletion MOSFET, and the optional contact region 24.
Thus, in the superjunction transistor device shown in Fig-
ure 8A, the arrangement with the gate dielectric 52 and
the gate electrode 51 has the same function as the insu-
lation region 41 shown in Figure 1.
[0041] According to one example, the gate electrode
51 of the switch 5 (more precisely, the gate electrode of
the depletion MOSFET of the switch 5) is connected to
the gate node G, so that the superjunction transistor de-
vice and the switch 5 are driven by the same signal.
[0042] The function of the transistor arrangement 1
shown in Figure 8A is explained in the following. Just for
the purpose of explanation it is assumed that the super-
junction transistor device is an n-type transistor device,
that is, the first doping type is an n-type. In this case, the
MOSFET of the switch 5 is a p-type depletion MOSFET.
An equivalent circuit diagram of a transistor arrangement
of this type is shown in Figure 8B, wherein in Figure 8B
the switch is only represented by the p-type depletion
MOSFET.
[0043] Referring to the above, the bias voltage VDEP
between the source node S and the bias node Q is such
that the pn-junction between the compensation region
21 and the drift region 11 is reverse biased. According
to one example, the superjunction transistor device and
the MOSFET of the switch 5 are adapted to one another
such that the switch 5 is switched off when the gate-
source voltage VGS switches on the superjunction tran-
sistor device, that is, when the gate-source voltage VGS
generates a conducting channel in the body region 22 of
the transistor cells of the superjunction transistor device.
Further, the switch 5 is switched on when the gate-source

voltage VGS is such that the conducting channel in the
body region 22 along the gate dielectric 32 is interrupted.
[0044] In the depletion MOSFET of the switch 5, the
contact region 24 forms the source region and a drive
voltage VGS_5 of this MOSFET is given by the gate-
source voltage VGS plus the bias voltage VDEP, that is,
VGS_5 = VGS+VDEP. In the example shown in Figures 8A
and 8C, the bias voltage VDEP between the source node
S and the bias node Q is a positive voltage, such as +20V,
for example, that is referenced to the bias node Q. Thus,
an electrical potential of the bias node Q is negative rel-
ative to the electrical potential at the source node S. A
distance between the gate electrodes 51 and a doping
concentration of the body region 53 are selected such
that the body region 53 is depleted of charge carriers (so
that the depletion MOSFET in the switch 5 is in an off-
state) when the gate-source voltage VGS has a voltage
level that generates the conducting channel in the body
region 22 along the gate dielectric 32. The conducting
channel is generated, when the voltage level of the gate-
source voltage VGS is above the threshold voltage. The
threshold voltage is between 2V and 6V, for example,
when the superjunction transistor device is implemented
as an enhancement device or -3V, for example, when
the superjunction transistor device is a depletion device.
Thus, when the superjunction transistor device is in the
on-state, the drive voltage of the depletion MOSFET 5 in
relation to the potential at the bias node Q is at least given
by VDEP + Vth, wherein Vth is the threshold voltage of the
superjunction transistor device in relation to potential at
the source node S.
[0045] In order to switch on the p-type depletion MOS-
FET in the switch 5, its drive voltage VGS_5 has to be
below its threshold voltage Vth5 (relatively to the potential
at the bias node Q), that is, VGS_5 = VGS + VDEP < Vth5.
This is obtained, in this transistor arrangement 1, when
VGS < Vth5 - VDEP. Thus, in the transistor arrangement 1
shown in Figure 8A, a voltage level of the gate-source
voltage VGS of the superjunction transistor device is not
only selected such that the superjunction transistor de-
vice switches on or off, but also such that the depletion
MOSFET in the switch 5 switches off or on. According to
one example, the depletion MOSFET in the switch 5 has
a threshold voltage of 10 V. In general, the gate-source
voltage VGS may vary between voltage levels lower than
Vth5 - VDEP, in order to switch off the superjunction tran-
sistor device and switch on the depletion MOSFET 5,
and voltage levels higher than the threshold voltage Vth
of the superjunction transistor device, in order to switch
on the superjunction transistor device and switch off the
depletion MOSFET.
[0046] Figure 8C shows a modification of the transistor
arrangement shown in Figure 8A. The transistor arrange-
ment shown in Figure 8C is different from the transistor
arrangement shown in Figure 8A in that the gate elec-
trode 51 of the depletion MOSFET in the switch 5 is con-
nected to the source node S instead of the gate node G.
[0047] Figure 9 illustrates a drive scheme for driving
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the transistor arrangement 1 shown in Figure 8 when
used as a rectifier element in an electronic circuit of the
type shown in Figure 5. The drive scheme illustrated in
Figure 9 is based on the drive scheme illustrated in Figure
7 and is different from the drive scheme illustrated in Fig-
ure 7 in that the gate-source voltage VGS is used to drive
both the superjunction transistor device and the switch
5. A signal level of the drive signal VGS may vary between
Vth5-VDEP, or lower, and a value higher than the threshold
voltage of the superjunction transistor device.
[0048] Figure 10A shows a modification of the transis-
tor arrangement shown in Figures 8A and 8C. The tran-
sistor arrangement 1 shown in Figure 10A is different
from the transistor arrangement shown in Figure 8 in that
the switch 5 includes a further depletion MOSFET with
a gate electrode 54 and a body region 55 dielectrically
insulated from the gate electrode 54 by a gate dielectric
56. This MOSFET is referred to as second (depletion)
MOSFET in the following, and the depletion MOSFET
explained with reference to Figure 8 is referred to as first
(depletion) MOSFET in the following. The body region
55 of the second MOSFET adjoins the body region 53 of
the first MOSFET explained herein before. The gate elec-
trode 54 of the second MOSFET is connected to the
source node S. Connections between the gate electrode
54 and the source node S, however, are not explicitly
illustrated in Figure 10A. A doping concentration of the
further body region 55 is higher than the doping concen-
tration of the body region 53 and is selected such that
the further body region 55 is completely depleted of
charge carriers when the first MOSFET is in a conducting
state so that the electrical potential of the body regions
53, 55 of the two MOSFETs essentially equals the elec-
trical potential of the bias node Q, so that the drive voltage
of the second MOSFET essentially equals -VDEP.
[0049] Referring to Figure 10A, the gate electrode 54
of the second MOSFET is adjacent the body region 55
on one side and adjacent a section of the drift region 11
on the other side. The body region 22 of the superjunction
transistor device, the drift region 11 of the superjunction
transistor device, the compensation region 21, and the
gate electrode 54 and gate dielectric 56 of the second
MOSFET form an enhancement MOSFET of the second
conductivity type. By connecting the gate electrode 54
to the source node S, this enhancement MOSFET of the
second conductivity type, independent of the operating
state of the transistor arrangement, is in an operating
state in which a conducting channel between the body
region 22 and the compensation region 21, that is, a short
circuit between body region 22 and the compensation
region 21 is prevented. Such short circuit would be highly
undesirable.
[0050] According to another example (not shown), the
second MOSFET is degenerated in that the body region
55 is omitted and the gate electrodes 54 are floating.
[0051] Figure 10B shows a modification of the transis-
tor device shown in Figure 10A. The transistor device
shown in Figure 10B is different from the transistor device

shown in Figure 10A in that the second MOSFET is omit-
ted, but a dielectric layer 57 is arranged between a bottom
of the gate electrode 51 of the first MOSFET and the drift
and compensation region 11, 21. A thickness of this di-
electric layer is at least 10 times or at least 100 times a
thickness of the gate dielectric 52.
[0052] Referring to Figures 10A and 10B, a field elec-
trode 33 may be arranged below the gate electrode 31
of the superjunction transistor device in the same trench
as the gate electrode 31. The field electrode 33 is die-
lectrically insulated from the gate electrode 31 and the
drift region 11 and may be connected to the source node
S. This field electrode may help to reduce the gate-drain
capacitance of the superjunction transistor device.
[0053] Figure 11 shows a modification of the transistor
device shown in Figure 10A. In this example, the gate
electrode 31 of the superjunction transistor device and
the gate electrode of the first MOSFET of the switch 5
are formed by the same electrode. In this way, the overall
transistor arrangement 1 can be implemented in a more
space saving manner.
[0054] Figure 12 shows a transistor arrangement 1 ac-
cording to another example. This transistor arrangement
is based on the transistor arrangement shown in Figure
1 and additionally includes a further electronic switch 7
connected between the source node S and the bias node
Q in parallel to the series circuit with the bias voltage
source 6 and the switch 5. In the following, the switch 5
connected in series with the bias voltage source 6 is re-
ferred to as first electronic switch and the further switch
7 is referred to as second electronic switch in the follow-
ing. According to one example, the first switch and the
second switch 5, 7 are driven complementary. That is,
the second switch 7 switches off, when the first switch 5
switches on, and vice versa. Moreover, there may be a
delay time between switching off one of the switches 5,
7 and switching on the other one of the switches 5, 7 in
order to avoid a short circuit of the voltage source 6.
[0055] When the second switch 7 is switched on, the
compensation region 21 is connected to the source node
S. According to one example, the second switch 7 is
switched on when the transistor device is in one of the
channel conduction states, that is, in one of the first and
second operating states in which there is a conducting
channel in the body region 22 along the gate dielectric
32. When the superjunction transistor device is in the
blocking state, a space charge region may expand in the
drift region 11 and the compensation region 21, wherein
this space charge region is associated with a charging
of the compensation region 21. Switching on the second
switch 7 when the superjunction transistor device chang-
es from the blocking state to the forward conducting state
or the reverse conducting state enables a discharging of
the compensation region 21, wherein such discharging
of the compensation region 21 helps to reduce conduc-
tion losses in the superjunction transistor device when
the superjunction transistor device is in one of the forward
conducting and reverse conducting state.
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[0056] Figures 13A and 13B illustrate equivalent circuit
diagrams of the transistor arrangement 1 shown in Figure
12. These equivalent circuit diagrams are based on the
equivalent circuit diagrams shown in Figures 4A and 4B
and additionally include the second electronic switch 7
connected between the source node S and the bias node
Q.
[0057] According to one example, the first switch 5 and
the second switch 7 are integrated in the semiconductor
body 100 together with the superjunction transistor de-
vice. One example of a transistor arrangement 1 of this
type is illustrated in Figure 14.
[0058] Figure 14 shows a vertical cross sectional view
of the semiconductor body 100, wherein the superjunc-
tion transistor device, the first switch 5 and the second
switch 7 are integrated in the semiconductor body 100.
In this example, the first switch 5 includes the first deple-
tion MOSFET with the gate electrode 51, the gate die-
lectric 52 and the body region 53 as explained herein
above, wherein the gate electrode 51 is connected to the
gate node G. The second switch 7 includes a further
MOSFET with a gate electrode 71 and a gate dielectric
72. According to one example, the gate electrode 71 of
this MOSFET is arranged in the same trench as the gate
electrode 51 of the first MOSFET, is dielectrically insu-
lated from the gate electrode 51 of the first MOSFET and,
as seen from the first surface 101 is arranged below the
gate electrode 51 of the first MOSFET. The gate elec-
trode 71 of the further MOSFET is adjacent the drift region
11 on one side in the first lateral direction x and adjacent
the compensation region 21 on an opposite side. The
gate electrode 71 of the further MOSFET is dielectrically
insulated from both the drift region 11 and the compen-
sation region 21 by the gate dielectric 72. In the vertical
direction z, the gate electrode 71 is spaced apart from
the body region 22 of the superjunction transistor device.
A body region extension 73 of the second doping type
adjoins the body region 22 and, in the vertical direction
z, extends from the body region 22 in the drift region 11
to a vertical position of an upper end of the further gate
electrode 71 or to a vertical position below this upper end
of the further gate electrode 71. The "upper end" of the
further gate electrode 71 is a vertical end of the further
gate electrode 71 that faces the first surface 101.
[0059] Referring to Figure 14, the further gate elec-
trode 71 is connected to a further control node GSOU. By
suitably applying a drive voltage VGS_7 between this fur-
ther control node GSOU and the source node S, the further
MOSFET can be controlled such that there is a conduct-
ing channel in the drift region 11 along the gate dielectric
72 of the further MOSFET between the body region ex-
tension 73 and the compensation region 21 or such that
this conducting channel is interrupted. When the drive
voltage VGS_7 is such that there is a conducting channel
along the gate dielectric 72, the compensation region 21
is electrically connected to the body region 22 and, there-
fore, to the source node S. The compensation region 21
is disconnected from the source node S when the con-

ducting channel along the gate dielectric 72 is interrupt-
ed. When the superjunction transistor device is an n-type
transistor device, so that the body region 22 is a p-type
semiconductor region, the further MOSFET is a p-type
enhancement MOSFET. In this type of MOSFET, a con-
ducting channel along the gate dielectric 72 is generated
when the drive voltage VGS_7 is below a negative thresh-
old voltage. Thus, by suitably selecting the drive voltage
VGS_7, the compensation region 21 is either connected
to the source node S or disconnected from the source
node S. This drive voltage VGS_7 is equivalent to the drive
signal S7 illustrated in Figures 12, 13A and 13B. By pro-
viding the further control node GSOU, the further drive
voltage VGS_7 can be adjusted independent from the
drive voltage (gate-source voltage) VGS of the superjunc-
tion transistor device.
[0060] Figure 15 shows a modification of the transistor
arrangement 1 shown in Figure 14. In this transistor ar-
rangement 1, not only the drive voltage VGS_7 of the fur-
ther MOSFET is independent from the gate-source volt-
age VGS of the superjunction transistor device, but also
the drive voltage VGS_5 of the first MOSFET is independ-
ent of the gate-source voltage VGS of the superjunction
transistor device. For this, the transistor arrangement 1
includes another control node GDEP which is connected
to the gate electrode 51 of the first depletion MOSFET.
[0061] Figure 16 shows another example of a transistor
arrangement 1 that has the superjunction transistor de-
vice, the first switch 5, and the second switch 7 integrated
in the semiconductor body 100. The first switch 5 may
be implemented as illustrated in Figure 11 and include
the first and second depletion MOSFET, wherein one
gate electrode 31 of the superjunction transistor device
and one gate electrode 51 of the first depletion MOSFET
may be implemented by a common electrode (which may
include a metal or polysilicon). Each of the first and sec-
ond depletion MOSFET of the first switch 5 is a depletion
MOSFET of the second conductivity type.
[0062] Referring to Figure 16, the second switch 7 in-
cludes a third MOSFET. This third MOSFET is of the first
conductivity type and, therefore, of the same conductivity
type as the superjunction transistor device. In particular,
the third MOSFET is an enhancement MOSFET of the
first conductivity type. The third MOSFET includes a gate
electrode 81 dielectrically insulated from a body region
83 by a gate dielectric 82. The body region 83 is of the
second conductivity type and arranged between the drift
region 11 and a source region 84 of the first conductivity
type. Thus, the third MOSFET is an enhancement MOS-
FET. The superjunction transistor device, the first MOS-
FET of the first switch 5 and the third MOSFET of the
second switch 7 are driven by the gate-source voltage
VGS received between the gate node G and the source
node S, wherein the gate electrodes 31, 51, 81 of the
superjunction transistor device, the first MOSFET and
the third MOSFET are connected to the gate node G.
The first MOSFET is implemented such that it is in an
off-state, in which the body region 53 is depleted of
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charge carriers, when the superjunction transistor device
and the third MOSFET are in the on-state. In the on-state
of the superjunction transistor device, there is a conduct-
ing channel in the body region 22 along the gate dielectric
32 between the source region 12 and the drift region 11,
and in the on-state of the third MOSFET, there is a con-
ducting channel along the gate dielectric 82 in the body
region 83 between the drift region 11 and the source re-
gion 84.
[0063] Referring to the above, the second switch 7 is
configured to electrically connect the source node S with
the compensation region 21. For this, the second switch
7 besides the third MOSFET includes a charge carrier
converter 84, 85, 86 connected to the body region 83,
wherein the body region 83 adjoins the compensation
region 21. When the compensation region 21 is charged
and the third MOSFET is in the on-state charge carriers
of the first conductivity type (which are electrons when
the third MOSFET is an n-type MOSFET) can flow from
the source region 84 along the conducting channel to the
drift region 11. The charge carrier converter 84, 85, 86
"converts" these charge carriers of the first conductivity
type into charge carriers of the second conductivity type,
which are the charge carriers that can be conducted by
the body region 83 to the compensation region 21. In this
way, there is an electrical connection between the source
node S and the compensation region 21 when the su-
perjunction transistor device and the third MOSFET are
in the on-state.
[0064] The charge carrier converter 85 includes a met-
al and a highly doped region 86 of the second conductivity
type, wherein this doped region 86 has a higher doping
concentration than the body region 83 and a highly doped
region 84 of the first conductivity type. The metal 85 ad-
joins the source region 84 and the doped region 86 of
the second conductivity type, wherein this region of the
second conductivity type adjoins the body region 83.
[0065] In the transistor arrangement 1 shown in Figure
16, each of the compensation regions 21 has the first
switch 5 and the second switch 7 connected thereto,
wherein the first and second MOSFET of the first switch
5 may include a plurality of transistor cells each including
a gate electrode 51, 54, a gate dielectric 52, 56, and a
body region 53, 55. Further, the third MOSFET of the
second switch 7 may have a plurality of transistor cells
each including a gate electrode 81, a gate dielectric 82
and the body region 83 and a plurality of converter cells,
each including a metal 85 and a doped region 86 of the
second conductivity type and a doped region 84 of the
first conductivity type, wherein at least one of these tran-
sistor cells and a corresponding converter cell is con-
nected to one compensation region 21.
[0066] Referring to Figure 17, which shows a horizontal
cross sectional view of the semiconductor body 100 in a
section plane B-B shown in Figure 16, a plurality of tran-
sistor cells of the first and second MOSFET and a plurality
of transistor cells of the third MOSFET are connected to
each compensation region 21, wherein the transistor

cells of the first and second MOSFET and the transistor
cells of the third MOSFET are arranged alternatingly in
the longitudinal direction (which is the second lateral di-
rection y in the example shown in Figure 17) of each
compensation region. The section plane B-B shown in
Figure 17 cuts through the body regions 53, 22 and 83
of the transistor cells of the first MOSFET, of the transistor
cells of the superjunction transistor device, and of the
transistor cells of the third MOSFET. The vertical cross
sectional view shown in Figure 16 is a vertical cross sec-
tional view in a vertical section plane C-C illustrated in
Figure 17.
[0067] In the example illustrated in Figures 16 and 17,
the transistor cells of the first MOSFET (and the second
MOSFET) and the transistor cells of the third MOSFET
are arranged such that in the first lateral direction x each
transistor cell of the first MOSFET (represented by the
body region 53 in Figure 17) is adjacent a transistor cell
of the third MOSFET (represented by the body region 83
in Figure 17). This, however, is only an example. Accord-
ing to another example illustrated in Figure 18, the tran-
sistor cells of the first MOSFET (the second MOSFET)
and the third MOSFET are arranged such that in the first
lateral direction x a transistor cell of the first MOSFET is
adjacent another transistor cell of the first MOSFET and
a transistor cell of the third MOSFET is adjacent another
transistor cell of the third MOSFET.
[0068] Figure 19 shows a modification of the transistor
arrangement 1 shown in Figures 16 to 18. In the transistor
arrangement 1 shown in Figure 19, a transistor cell of
the first MOSFET (and the second MOSFET) and a tran-
sistor cell of the third MOSFET connected to one com-
pensation region 21 are arranged next to each other in
the first lateral direction x, which is the direction in which
the body region 22 of the superjunction transistor device
is adjacent the transistor cells of the first and third MOS-
FET.
[0069] According to one example, different resistors
R1, R2, R3, are connected between the gate node G and
the gate electrodes 31, 51, 81 of the superjunction tran-
sistor device, the first MOSFET and the third MOSFET.
The resistances of these resistors may be selected such
that, when the gate-source voltage of the superjunction
transistor device changes, there is a delay between
switching of the superjunction transistor device and at
least one of the first MOSFET and the second MOSFET.
[0070] In the examples explained above, the bias volt-
age VDEP is applied between the compensation region
21 and the drift region 11 by applying the bias voltage
VDEP between a bias node Q coupled to the compensa-
tion region 21 and the source node S coupled to the body
region 22 and the source region 12. The bias node Q
may be directly connected to the compensation region
21 or may be indirectly connected to the compensation
region via a switch or the like. In these examples, the
compensation region 21 is separated from the body re-
gion 22.
[0071] According to another example, the compensa-
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tion region 21 adjoins the body region 22, so that the
compensation region 21 is coupled to the source node
S, and the bias voltage VDEP is applied between the
source node S and a bias region of the second doping
type, wherein the bias region adjoins the drift region 11,
and wherein a polarity of the bias voltage is such that a
pn-junction between the bias region 25 and the drift re-
gion 11 is forward biased and the pn-junction between
the drift region 11 and the compensation region 21 is
reverse biased. An example of a transistor arrangement
of this type is illustrated in Figure 20.
[0072] The transistor arrangement shown in Figure 20
is different from the transistor arrangements explained
with reference to Figures 1 to 19 in that the compensation
region 21 of each transistor cell 10 adjoins the body re-
gion 22 of the respective transistor cell 10. Further, the
superjunction transistor device includes at least one bias
region 25 of the second doping type. The at least one
bias region 25 adjoins the drift region 1, is coupled to the
bias node Q, and is separated from the body regions 22
of the transistor cells 10. In the example shown in Figure
20, the bias region 25 is separated from the body region
22 of a transistor cell 10 by the gate electrode 31 and the
gate dielectric 32 of the respective transistor cell 1 0 and
by a section of the drift region 11. This, however, is only
an example. Other means that separate the bias region
25 from the body regions 22, such as trenches filled with
dielectrics (not shown), may be implemented as well. Op-
tionally, the bias region 25 is connected to the bias node
Q through a contact region 26 of the second doping type
that is more highly doped than the bias region 25 and
provides an ohmic contact between the bias node Q and
the bias region 25.
[0073] In the example illustrated in Figure 20, the bias
voltage VDEP can be applied between the drift region 11
and the compensation region 21 by applying the bias
voltage VDEP between the bias node Q coupled to the
bias region 25 and the source node S coupled to the
compensation region. Referring to Figure 20, applying
the bias voltage VDEP between the bias node Q and the
source node S may include connecting the bias voltage
source 6 between the bias node Q and the source node S.
[0074] A first switch 5 may be connected in series with
the bias voltage source 6 in order to be able to selectively
apply the bias voltage VDEP between the bias node Q
and the source node S and, therefore, between the drift
region 11 and the compensation region 21. The first
switch 5 is connected between the voltage source 6 and
the bias node Q in the example shown in Figure 20. This,
however, is only an example. The switch 5 may be im-
plemented at any position between the voltage source 6
and the compensation region 21 or between the voltage
source 6 and the bias region 25.
[0075] Referring to the above, a polarity of the bias
voltage VDEP is such that the pn-junction between the
bias region 25 and the drift region 11 is forward biased
and the pn-junction between the drift region 11 and the
compensation region 21 is reverse biased. As compared

to the polarity of the bias voltage in the examples ex-
plained with reference to Figures 1 to 19 the polarity of
the depletion voltage VDEP in the transistor arrangement
shown in Figure 20 is inverted. In a transistor arrange-
ment with an n-type superjunction transistor device, for
example, (a) the bias voltage VDEP is such that the source
node S has a higher electrical potential than the bias
node Q (that is, the bias voltage VDEP between the source
node S and the bias node Q as referenced to the bias
node Q is a positive voltage) when the transistor arrange-
ment is implemented in accordance with one of the ex-
amples illustrated in Figures 1 to 19, and (b) the bias
voltage VDEP is such that the bias node Q has a higher
electrical potential than the source node S (that is, the
source node S has a lower electrical potential than the
bias node Q and the bias voltage VDEP between the
source node S and the bias node Q as referenced to bias
node Q is a negative voltage) when the transistor ar-
rangement is implemented in accordance with the exam-
ple illustrated in Figure 20.
[0076] The following numbered examples briefly sum-
marize some of the aspects explained herein before.
[0077] Example 1. A method, including: operating a
superjunction transistor device in a diode state, wherein
operating the superjunction transistor device in the diode
state includes applying a bias voltage different from zero
between a drift region of at least one transistor cell of the
transistor device and a compensation region of a doping
type complementary to a doping type of the drift region,
wherein the compensation region adjoins the drift region,
and wherein a polarity of the bias voltage is such that a
pn-junction between the drift region and the compensa-
tion region is reverse biased.
[0078] Example 2. The method of example 1, wherein
the compensation region is spaced apart from a body
region of the at least one transistor cell, and wherein the
bias voltage is applied between the compensation region
and the body region.
[0079] Example 3. The method of example 1, wherein
the compensation region adjoins the body region of the
at least one transistor cell, wherein the bias voltage is
applied between the compensation region and a bias re-
gion, wherein the bias region is of the same doping type
as the compensation region, adjoins the drift region, and
is spaced apart from the body region.
[0080] Example 4. The method of any one of the pre-
ceding examples, wherein operating the transistor device
in the diode state further includes applying a voltage be-
tween a source node and a drain node such that a pn-
junction between the body region and the drift region of
the at least one transistor cell is forward biased.
[0081] Example 5. The method of any one of the pre-
ceding examples, wherein applying the bias voltage be-
tween the bias region and the drift region includes apply-
ing the bias voltage between a source node connected
to the body region and the compensation region.
[0082] Example 6. The method of any one of the pre-
ceding examples, wherein the transistor device has a
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voltage blocking capability and wherein a magnitude of
the bias voltage is less than 20% of the voltage blocking
capability.
[0083] Example 7. The method of any one of the pre-
ceding examples, wherein applying the bias voltage in-
cludes providing the bias voltage by a bias voltage source
and closing a first switch connected between the bias
voltage source and one of the drift region and the com-
pensation region.
[0084] Example 8. The method of example 7, wherein
the first switch and the superjunction transistor device
are integrated in the same semiconductor body.
[0085] Example 9. The method of example 7 or 8,
wherein the superjunction transistor device is of a first
conductivity type, and wherein the first switch includes
at least one depletion MOSFET of a second conductivity
type.
[0086] Example 10. The method of any one of the pre-
ceding examples, wherein the transistor device is a ver-
tical transistor device that is integrated in a semiconduc-
tor body, and wherein the bias voltage is connected be-
tween the compensation region and the drift region via
contacts arranged on top of a first surface of the semi-
conductor body.
[0087] Example 11. The method of any one of the pre-
ceding examples, further including: operating the tran-
sistor device in a reverse conducting state before oper-
ating the superjunction transistor device in the diode
state, wherein operating the superjunction transistor de-
vice in the reverse conducting state includes: applying a
drive potential to a gate electrode of the at least one tran-
sistor cell such that there is a conducting channel in the
body region of the at least one transistor cell, and apply-
ing a voltage between the body region and the drift region
that has the same polarity as in the diode state.
[0088] Example 12. The method of any one of the pre-
ceding examples, further including: operating the super-
junction transistor device in a blocking state after the di-
ode state, wherein operating the superjunction transistor
device in the blocking state includes applying a drive po-
tential to a gate electrode of the at least one transistor
cell such that a conducting channel in the body region of
the at least one transistor cell is interrupted, and applying
a voltage between the body region and the drift region
that has a polarity opposite a polarity of the voltage be-
tween the body region and the drift region in the diode
state.
[0089] Example 13. The method of example 12, where-
in an inductive load is connected in parallel with the tran-
sistor device and an electronic switch is connected in
series with the transistor device, and wherein changing
an operating state of the transistor device from the diode
state to the blocking state includes changing a switching
state of the electronic switch from an off-state to an on-
state.
[0090] Example 14. The method of any one of exam-
ples 12 or 13, further including: operating the transistor
device in one of a reverse conducting state and a forward

conducting after the blocking state, wherein operating
the transistor device in the reverse conducting state or
the forward conducting after includes connecting the
compensation region to the source node.
[0091] Example 15. The method of example 14, where-
in connecting the compensation region to the source
node includes closing a second switch connected be-
tween the bias region and the source node.
[0092] Example 16. The method of example 15, further
including: switching off the first switch when or before
switching on the second switch.
[0093] Example 17. The method of any one of exam-
ples 15 or 15, wherein the second switch and the super-
junction transistor device are integrated in the same sem-
iconductor body.
[0094] Example 18. A transistor arrangement includ-
ing: a transistor device including a bias region coupled
to a bias node and at least one transistor cell including
a source region, a body region, and drift region; and a
first electronic switch connected between the bias region
and the bias node, wherein the transistor device and the
first electronic switch are integrated in a common semi-
conductor body, wherein the second electronic switch is
connected between the compensation region and the
source region.
[0095] Example 19. The transistor device of example
18, further including: a second electronic switch integrat-
ed in the common semiconductor body.
[0096] Example 20. The transistor arrangement of ex-
ample 18 or 19, wherein the bias region is a compensa-
tion region of at least one of the transistor cell, and where-
in the compensation region is spaced apart from the body
region of the at least one transistor cell.
[0097] Example 21. The transistor arrangement of ex-
ample 18 or 19, wherein the at least one transistor cell
further includes a compensation region, and wherein the
bias region is spaced apart from the compensation region
and the body region.
[0098] Example 22. The transistor arrangement of any
one of examples 18 to 21, wherein the transistor device
and the first electronic switch are configured to be driven
by the same drive signal.
[0099] Example 23. The transistor arrangement of any
one of examples 18 to 22, wherein the transistor device,
the first electronic switch, and the second electronic
switch are configured to be driven by the same drive sig-
nal.
[0100] Example 24. The transistor arrangement of any
one of examples 19 to 23, wherein the transistor device
is of a first conductivity type, wherein the first electronic
switch includes at least one depletion MOSFET of a sec-
ond conductivity type, and wherein the second electronic
switch includes an enhancement MOSFET of the first
conductivity type and a charge carrier converter connect-
ed between the enhancement MOSFET and the com-
pensation region.
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Claims

1. A method, comprising:

operating a superjunction transistor device in a
diode state,
wherein operating the superjunction transistor
device in the diode state comprises applying a
bias voltage (VDEP) different from zero between
a drift region (11) of at least one transistor cell
(10) of the transistor device and a compensation
region (21) of a doping type complementary to
a doping type of the drift region (11),
wherein the compensation region (21) adjoins
the drift region (11), and
wherein a polarity of the bias voltage (VDEP) is
such that a pn-junction between the drift region
(11) and the compensation region (21) is reverse
biased.

2. The method of claim 1,
wherein the compensation region (21) is spaced
apart from a body region (22) of the at least one
transistor cell (10), and
wherein the bias voltage (VDEP) is applied between
the compensation region (21) and the body region
(22).

3. The method of claim 1,
wherein the compensation region (21) adjoins the
body region (22) of the at least one transistor cell
(10),
wherein the bias voltage (VDEP) is applied between
the compensation region (21) and a bias region (25),
wherein the bias region (25) is of the same doping
type as the compensation region (21), adjoins the
drift region (11), and is spaced apart from the body
region (22).

4. The method of any one of the preceding claims,
wherein operating the transistor device in the diode
state further comprises applying a voltage between
a source node (S) and a drain node (D) such that a
pn-junction between the body region (22) and the
drift region (11) of the at least one transistor cell is
forward biased.

5. The method of any one of the preceding claims,
wherein the transistor device has a voltage blocking
capability and wherein a magnitude of the bias volt-
age (VDEP) is less than 20% of the voltage blocking
capability.

6. The method of any one of the preceding claims,
wherein applying the bias voltage (VDEP) comprises
providing the bias voltage (VDEP) by a bias voltage
source (6) and closing a first switch (5) connected
between the bias voltage source (6) and one of the

drift region (11) and the compensation region (21).

7. The method of any one of the preceding claims,
wherein the transistor device is a vertical transistor
device that is integrated in a semiconductor body
(100), and
wherein the bias voltage (VDEP) is connected be-
tween the compensation region (21) and the drift re-
gion (11) via contacts arranged on top of a first sur-
face (101) of the semiconductor body (100).

8. The method of any one of the preceding claims, fur-
ther comprising:
operating the transistor device in a reverse conduct-
ing state before operating the superjunction transis-
tor device in the diode state, wherein operating the
superjunction transistor device in the reverse con-
ducting state comprises:

applying a drive potential to a gate electrode (31)
of the at least one transistor cell (10) such that
there is a conducting channel in the body region
(22) of the at least one transistor cell (10), and
applying a voltage between the body region (22)
and the drift region (11) that has the same po-
larity as in the diode state.

9. The method of any one of the preceding claims, fur-
ther comprising:

operating the superjunction transistor device (1)
in a blocking state after the diode state,
wherein operating the superjunction transistor
device in the blocking state comprises applying
a drive potential to a gate electrode (31) of the
at least one transistor cell (10) such that a con-
ducting channel in the body region (22) of the at
least one transistor cell (10) is interrupted, and
applying a voltage between the body region (22)
and the drift region (11) that has a polarity op-
posite a polarity of the voltage between the body
region (22) and the drift region (11) in the diode
state.

10. The method of claim 9,
wherein an inductive load (Z) is connected in parallel
with the transistor device and an electronic switch
(SW) is connected in series with the transistor de-
vice, and
wherein changing an operating state of the transistor
device from the diode state to the blocking state com-
prises changing a switching state of the electronic
switch (SW) from an off-state to an on-state.

11. The method of any one of claims 10 or 11, further
comprising:

operating the transistor device in one of a re-
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verse conducting state and a forward conduct-
ing state after the blocking state,
wherein operating the transistor device in the
reverse conducting state or the forward conduct-
ing after comprises connecting the compensa-
tion region (21) to the source node (S).

12. A transistor arrangement comprising:

a transistor device comprising a bias region (21;
25) coupled to a bias node (Q) and at least one
transistor cell (10) comprising a source region
(12), a body region (22), and drift region (11);
and
a first electronic switch (5) connected between
the bias region (21; 25) and the bias node (Q),
wherein the transistor device and the first elec-
tronic switch (5) are integrated in a common
semiconductor body (100).

13. The transistor device of claim 13, further comprising:
a second electronic switch (7) integrated in the com-
mon semiconductor body (100), wherein the second
electronic switch (7) is connected between the com-
pensation region (21) and the source region (12).

14. The transistor arrangement of claim 12 or 13,
wherein the bias region (21) is a compensation re-
gion (21) of at least one of the transistor cell, and
wherein the compensation region (21) is spaced
apart from the body region (22) of the at least one
transistor cell (10).

15. The transistor arrangement of claim 12 or 13,
wherein the at least one transistor cell (10) further
comprises a compensation region (21), and
wherein the bias region (25) is spaced apart from
the compensation region (21) and the body region
(22).
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